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Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)






×  ×  áX(`ojY-odcX"trtrb VXOYZXOr7soXve>rXHrstX(stj`v`£uX"XHr T uX	bouX"dcjq VX"`oXHrÍX"ixrbyX"`Rb!ew@|}j>odfs T oi3prj>vr¤¨j>dyYZXLsoXodcjwbcjwl
b}BXj$stX-odcjsooi¶bfr"Bin¡nrLrXOdyj>`>bryjzr!zXOÌstXOo¡kj@uXHr!soew`zr!o`q>dce`vsF`ojY-odyXs XO`R¢indyj>`o`oXOY:XO`RbcrO¥ S jvrLg	XHrryrb VX"YZXOr
X"ixrbcew`Rbfr·rj>t§<dyXO`>b·g"X"BX"`vsoe`Rb7s v`FÈa¼@¯n½@¹W³ ªL¬c­t®°¯°¯k±	´·ryivg"X"dybcewin`oXHrrj>odcg"XOrstXsoj`o`UuX"XOrryj`Rbik`zstinryBj`oino¡nXOr·¡njdfrcÆ> XO¡k¡nXOr
ryj`Rbeg"g<uXOs£uX"XHr"pB¡kXHrrtrb VXOY:XHr¡nXOrinq`vjdcX"`RbLj>ÃquX"` VX"dcX"`Rbo`oXZX"dcdcX"odH¥XZg	jYZBjdybyXOY:XO`Rb(` XOrbverrce@bcinr¤¾ewixrye`Rbsoe`vr
stXHrZX"`¢ikdcj`v`oX"YZX"`Rbfr-j Vin¡!X	tixr}bcXÅv`oX$odcjveoik¡nikbouXÅ`oj``UuXOq¡nikq>XOewv¡kX+ÆR o` ryi¶bcXryjikbZik`vsoinryzj>`oino¡kXÒÂ¾X¥ qv¥np7^a`RbyXOdy`vX	bfÄ	¥
á(ew`vrUg"X	b!ewdybyixg	¡nXpR`ojvrodcjBj>ryj`vr7o`oXewovdyjtg T XLjdcikq>ik`ve¡kXj VWpX"`+odouXOryX"`vg"XstXrj>odcg"XOrstX(soj`o`UuX"XOr7ik`zstinryBj`oino¡nXOrOpt¡ne
douX"Bj`zrX Vev`oXdyXHÆRX	bcXXHr}b!o`oXdvuXOzj>`vrXLvewdybyinX"¡n¡nX¥à`oXdvuXOzj>`vrXLvewdybyinX"¡n¡nX(XHr}b!XO¡k¡nXYX"YZXLv`oXdyXHÆRX	bcXLÆRoiGdouXOryo¡kbyXstX
¡}uX"¢@ew¡nve@bcikj>`+vedbcikXO¡k¡nXstX¡ne:dcXOÆRX"byXLik`oikbyixew¡nXvX"¡n¡kXXOrbg	j>Y:Bj>rouXOXLstXHr!stj`o`UuX"XHrj>tbyXO`oXOr£¡njdfr!stX¡}uX"¢@e¡kvewbyinj`«X"bs o`oX
dcX"odvuXHrXO`>bfe@bcikj>`ÌstÁbydfe¢@ewin¡dcXOrbce`Rb VeegOg	j>Y:v¡kindO¥! WXHrdouX"Bj`vryXOrLvewdybyinX"¡n¡nXOrBX"o¢>X"`Rb!X	bcdyXZrj>oYZinryXOreÁrytr}b VX"YZX:zj>od
j>tbyXO`oikd(¡xe«douX"Bj`vryXÎv`ve¡kX¡ne+dyXHÆRX	bcXin`oi¶bcine¡kX>p<joinX"`Ìo`oX-etbydcXdvuXOzj>`vrXzewdybyinX"¡n¡kX>¥ { ewd(ewin¡k¡nX"vdcrOpvo`vX:eoo¡ningOe@byinj`
BX"tbLX	bydfewindyXstX¡ ik`t¤¨j>dyYewbyinj`$s o`oXdouX"Bj`vryXvewdybyinX"¡n¡nX(XO`tbyin¡kixrcew`Rbo`oXdcXOÆRX	byXryXOg"j`vsoeikdcX¥#"jvreoBX"¡nj`vrg"X	bybyX
dcXOÆRX"byXZrXHg	j>`vsoewindcX-o`vX%$@X"Y dcXOÆRX	byX:vedce>g T obyX¥:áLe`vrg	XZveoinX"dHpW`ojzrodouXOryX"`Rbyj>`vrv`oX:bce@tj>`ojYZinX:stXHrdouX"Bj`vryXOr
vedbcikXO¡k¡nXOr·X	b7stXHrdyXHÆRX	bcXOrvedce>g T tbyXHr"¥"jvr·odouXOryX"`Rbyj>`vrstXOr·e¡kq>jdci¶b T YZXOrBjod¡}uX"¢@ew¡nvei¶bcj`ZstX!dyXHÆRX	bcXOrXO`:vdouXHrXO`vg	X
stXryjvdcg"XOrUstXstj>`o`UuXOXOr£ik`zstinryBj`oino¡nXOrOpoX	b`oj>vr!s£uXHg	dcik¢>j`vr`ojbydcX(inYZo¡	uX"YZX"`Rbfe@byinj`Í¥




e` g"odcdyXO`>bFewoo¡nixg"e@bcikj>`KX"`¢indyj>`oYZX"`Rbcr+odyj@¢ixstXÌstXHg	¡xewdfe@bcik¢>Xeg"g"XOrcrbcjeÒ !ixstXÃ¢edyinX	b}jw¤ T X	byXOdyj>qXO`oX"j>vr+soewbce
ryjodfg	XHr"¥~!XHrXHewdfg T in`Rbyj-ikYZodcj@¢ik`oqb T XOryXLrytr}bcX"Yr T er·vdyjtstvg"XOsYe`R:`oXO  dyXHro¡kbcr vptpz@Rpzp>zpzpzH[tp[tpzpBmp
  T ixg T ewdcXBX"in`oqin`vg	j>dyBjdfe@bcXOs-ik`Rbcjodcjwbyjb}zXHr·ew`vsg"jYZYZX"dfg	ixew¡ovdyjtstvg	bcrO¥ Ý j@ £X"¢XOdOpwbyjb T XBXOrbjw¤Gj>od·Ï`oj@ !¡nXOstq>Xp
b T XOryXLrytr}bcX"Yr7e¡k¡z¤¾ewin¡zv`oqdfeg"ikj>vr¡nin`b T XodcXOryX"`zg	Xj¤<v`ve¢@ewin¡neo¡kXLsoe@bferj>odfg	XOrO¥ SUT X":X"ikb T XOd£e>ryryoYZX!b T e@bUew¡n¡Bsoewbce
ryjodfg	XHrUewdcXe¢@eik¡xewo¡nXpdcX"Bjdyb!X"dcdyj>dUg"j`vsoi¶bcikj>`vr"ptj>drin¡nX"`Rby¡n«inq`oj>dyXo`ve¢@eik¡xewo¡nXrj>odcg"XOrO¥
^a`Åb T ixr!vezXOd! XodcXOryX"`Rb!e:`oj@¢XO¡Wrj>¡ktbcikj>`«bcjZb T ixrUodcjo¡nX"Y j¤o`vqdfeg	injzr7¤¾eik¡nodcX¥
	Lodryj¡ntbyinj`FdcX"¡nikXHr"pRÎvdfr}bHptj`
b T XÇv¼@»hÈ3®¾¼@¯±@¼@¯µ¸v¼wÈ5®¾½w¹Ñ½ À Ó"¸v±	»h®¾±	²bcjodcjsovg	Xe-Çv¼@»hÈ3®¾¼@¯¼@¹o²hÉ7±"»hpze`vs$rXHg	j>`vsGptj`Fb T Xewvik¡ni¶b}+byjÌ±>È5»y¼>¬	È£®°¹ À ½w»Z¼wÈ5®¾½w¹
À »y½ÐÈ°­v±UÇv¼@»hÈ3®¾¼@¯¼@¹o²hÉ7±"»½ À ¼ÅÓ	¸v±"»h¿@¥ ) +vedbcine¡GX"¢@ew¡nvewbyinj`F XYZXOe`+b T e@bvedbj¤Íb T X j>dyÏin`odcjg"XOrcrin`oqeZÆRoX"dc
ixre>g"g	j>YZo¡kixr T XOsÔe`vsÁb T XO` ÆRoX"dcÌvdyjtg	XHryryin`oqr}bcjvr-stoXbcjÌew` ®°¹zÈm±"»h»h¸HÇBÈ¬f½@¹ @®°È3®¾½@¹v¥Ì^a`Ôb T ixrzewBX"dHpb T X«in`RbyX"dcdcotb
g"j`vstikbyinj`ixr!ve>rXHsÅj>`Fb T Xo`ze¢eik¡xewvik¡ni¶b}+jw¤esoe@bferj>odcg"Xptoobi¶bgOew`BXY:j>dyXq>X"`oXOdce¡5¥^mbg"jo¡xsFzX>po¤¨j>d!ik`vrbce`vg	X>p
e`ew¡xewdcY b T e@b(inrbydcikq>qX"dcXOsew¤°byX"d(e«g	XOdbfewin`ewYZjv`>bLjw¤byinYZX¥Õ T XO`$b T Xin`>bcX"dcdyvtbLg	j>`vstikbyinj`$ixrdcXOe>g T XOs$e`vs$ÆRoX"dc
odcjtg	XHryryik`vqÃrbyjzr"p£eÌvedbcine¡!ew`vry XOd-ixr:qXO`oX"dfe@bcXOsG¥ SUT XFzewdybyixew¡!ew`vry £X"d:dyXOodyXHrXO`Rbcr-zjb T b T X £jdcÏÑe>g"g"jYZo¡ninr T XOs
stvdyin`oqZb T Xvewdybyixew¡GXO¢e¡kze@byinj`$e`vsÅb T X £jdcÏb T e@bdcX"Yewin`vr£byjBXegOg	j>Y:v¡kixr T XOs+byjodcj@¢instX(b T XÎv`ve¡Íew`vry £X"dUbyjZb T X
j>dyinqin`vew¡GÆRoXOdy>¥
SUT Xvedbcine¡!ew`vry XOdg	j`Rbfewin`vrZeÁÆRoXOdyÒb T ewbgOew`zXÑ»y±	²h¸:®°È3Èm± +byjÁb T XÆ>vX"dcÔodyjtg"XOrcrin`oqÑrtrbyX"Y&ew`vsÆRoX"dc
odcjtg	XHryryik`vq$ !ik¡n¡£g"j`Rbyin`oXo`Rbyin¡£X"ikb T XOdb T X«Îv`ve¡e`vr £X"dinrodyjtstzg	XOsÑj>db T X«in`>bcX"dcdyvtbyinj`Òg"j`vstikbyinj`Òeq>eik`Ñjtg"g"odcrOp
q>X"`oXOdcewbyin`oqÁe`ojwb T X"dzewdybyixew¡ew`zr £X"dH¥à`vstXOd«jod £jdcÏik`vqÃercryoYZtbyinj`vrOpb T XÎv`zew¡ew`zr £X"dZ !in¡k¡e¡k Uetr:XOÆRvew¡Ub T X
e`vr £X"dbyj+b T X-jdcikq>ik`ve¡ÆRoXOdyerLi¶¤b T X:ik`RbyXOdydcotbg	j>`vstikbyinj`ew`zsb T X:vedbcine¡ÍX"¢@e¡kvewbyinj`vr`oX"¢>X"dLjgOg	odcdcXOsG¥(ik¢>X"`Ìe
vedbcine¡Wew`vry £X"dU XgOew`X	bydfeg	b!vrX"¤¨o¡Win`t¤¨jdcYe@bcikj>`«¤¨dcjY ikbew`zs+dcX	bcody`Åb T inr!zewdybyixew¡Gin`t¤¨jdcYe@byinj`Åbyj:b T XvryX"dH¥
  !#"
S j$YewÏXj>odryj¡ntbyinj`ÁYZjdcX«g	j>`vg	dcX	bcXpÍ¡nX	b-vrg	j>`vryinstXOdb T X«¤¨j¡n¡kj@ !in`oq$X	oeY:v¡kX>pÍX	tXHg	tbcXOsÁj`Áb T X%$'&)(+*-,.k+ T X	byl
XOdyj>qX"`vX"jzrLstixrbydcikoobyXOsÁsoewbcewzeryX-ryrbyXOY¥0/ooBj>ryXZ X T e¢>X-eÅY:XHstixe@byj>d1 >2b T ewbe>g"g"XOrcrXHrb} £jFsoinrbydcikvtbyXHsÃsoewbce
ryjodfg	XHr"p436578:96;=<>?·¤¨jdg	j>Y:zew`oinXOrOp@=<AB?£¤¨jdoixsorj` £jdcÏ<pe`vse¡kjtgOew¡RdyXO¡newbyinj`DC:>FE-<G56;-?7b T e@bg	¡xercryi¶ÎvXHrWdcX"q>ikj>`vrWin`Rbyj
stixrbydcing	bcrO¥ SUT Xrcg T X"Ye>rjw¤b T XOryX-soewbce«ryjvdcg"XOredyXq>ik¢>X"`$in`¦oBX"`vsoi¶Ì¦¥ÕÃX:eryÏ«b T X-ÆRoXOdyÃ²"±	¯k±f¬"ÈUÈ°­v±¬c½Çv¼@¹z®¾±h²
¼w¹ +È°­v±0"® ² À ½w»É7½@»H«¯k½H¬c¼wÈm± +®°¹ÌÈ¨­o±JI!­¹B±LK5ªL¯ Çv±h²»y±mº®¾½@¹Ô¼@¹ «»y±"È5¸t»h¹È¨­o±¹B¼Z±:¼@¹ +¼>¬	È3®MO®°È3¿F½ À È°­v±-¬f½Çv¼@¹z®¾±h²É®°È¨­





aoC:>FE-<G56;Zm qLr k 56;>ns:]8>?q
96;^ApSga#Al<4?G_4C-<43G_nmt[gaoAl<4?G_fCl<43G_
u
SUT X«ÆRoXOdyÃr}bfewdybcr(X	tXOg"tbyinj`Í¥ SUT XZik`RbyXOdydcotbg"j`vstikbyinj`Ñjtg"g"odfrLik¤¼ ¼wÈm¼$²"½@¸t»y¬f±®x²Z¸t¹B¼¼w®°¯k¼6"¯k±"¥+^m¤!ew¡n¡·rj>odfg	XOredyX











C k 96@-<6]<_:96_-<56;AF365^]f]6E^>z^>?4;^_fC-<G>FCl?aXzB<>6tA>FSB3^_-<5;  96
365^]f]E:>z^>?4;^_fCl<>FCl?VU%-=UC4>`A^>pz^96;:Af96gU f¡-2¢fnr-<2@>496^e-<6]4]aPq2^£
X"te>ghbc¡k«e>r7in`Åe`R T X"byXOdyj>qX"`vX"jzr7soewbcewzeryXLryrbyXOY¥ Ý j@ XO¢XOdOp¤¨jd£X	oewYZo¡nXpik¤Íb T X¤@=<GAB?soewbce:rj>odfg	Xixr£o`ve¢@ewin¡neo¡nXp
$'&)(2*l, dyXHrBj`zsor !ikb T e`Áj>t|}XOg	bOprce¥5-Zb T e@b-dcX"vdyXHrXO`>bfr(b T X+vewdybyixew¡7e`vry XOdew`vsÑikbcrX"`¢ikdcj`vY:XO`RbO¥ SUT inrjt|}XHghb
dcX"odcXOryX"`RbfrUb T Xvewdybyixew¡Íe`vry XOdik`RbcX"dy¤¾eg	Xbcjb T XvryX"dH¥ SUT X¦f;:9Fe:9B<6]F96@B]4>YZX"b T jts$j¤b T inrLjo|}XOghbdcX	bcodc`vr!b T X¡ninrbjw¤
ryjodfg	XHrb T ewbewdcX(v`ve¢@ewin¡neo¡kX>¥ SUT zrUjv¥ o`ve¢@eik¡xewo¡nX>Â3Ä·dcX	bcodc`vr£b T XryX	b%§d@=<GAB?f¨¥




R C:57.S: <2; § R C:527\Sp<+;§ R C:57\S <2; § R C:57\S4Y<2; §d@=<AB?^¨?6>^]F>3G_`Sf-¨





























¦`Kew¡kbyX"dc`vewbyin¢XÅbyjÒstXHew¡nik`oqÑ !ikb T vedbcine¡ew`vry £X"dfr-in` ewov¡kixg"ewbyinj`vrZixr»y±aÇB¯µ®¾¬f¼@È3®¾½@¹jw¤soe@bfeÑrj>odcg"XOr-byjÔin`vg"dyXHeryXÅb T X
e¢@ewin¡xewoin¡kikb}Ájw¤Le¡k¡Usoe@bfeÌryjodfg	XHrbcjb T XÅBjin`Rb-b T e@bZÆ>vX"dcikXHr-e¡kYZj>rb:e¡k UetrX	tXHg	tbcX¥Ñ~!X"o¡nixg"e@bcikj>` ryt§BXOdcr¤¨dcjY ew`
XHg	j`vjYZingFstixrye>st¢@ew`RbceqXÁÎvdfrbOpb T X T ewdfst UewdcX«¤¨jdZXHeg T soewbceÁrj>odfg	XFYvrb:BXdyXOo¡ningOe@byXHs ewbZeÁstik§BXOdyXO`>b T tryingOew¡
ryi¶bcX«Â°bcjZe¢>jixs+g"jYZYo`vingOe@byinj`Å¤¾ewin¡nodyXHrcÄ£e`vsÅryXOg"j`vs+b T Xryjw¤°b} UewdcX T er T inq T X"d!g	jRr}b!BXOg"evryX(dcX"v¡kixg"ewbyinj`FikYZve>ghbcr£b T X
g"jYZo¡nX	ti¶b}:jw¤Wryjw¤°b} UewdcX!ew`vsZo<soewbyXBX"dy¤¨jdcYew`vg"X¥^a`+esosoi¶bcikj>`Wpin`+ew`ZXO`R¢indyj>`oYZX"`Rb7 !ikb T etbyj>`ojYZjzr·soe@bferyjodfg	XHr"p
dcX"o¡nixg"e@bcikj>`Ye`ojwbBXBj>rcrino¡nX£ryinY:v¡kBXOgOewvryX·b T X!soe@bferyjodfg	X7¤¨jdcoinsvrÍikbO¥ik`zew¡n¡k>p@vewdybyixew¡ew`vry £X"dfrÍewdcXg"jYZo¡nX	bcX"¡n
g"jYZve@bcikv¡kXL !i¶b T dyXOo¡ningOe@byinj` Zik`«b T X(g"eryX!b T e@b!esoewbceryjodfg	XinrdyXOo¡ningOe@byXHsGp>b T XLodyj>vewvik¡ni¶b}-b T e@bikbU !ik¡n¡vbcdyinqq>X"d·j>od
X"teYZo¡kXin`RbyXOdydcotbg	j>`vstikbyinj`FinrrinYZo¡kÅrYew¡n¡nX"dH¥
^a`Eb T XÁX	oewYZo¡nXpb T XÁvryX"ddcX	larovY:ikbcr+b T XÃvedbcine¡(e`vry XOdFe>rÅe `oX" ÆRoXOdy bcjg"j`Rbyin`oXÃzewdybyixew¡(X"¢@ew¡nve@bcikj>`W¥
Ý j@ XO¢X"dHpik¤Wb T XLin`RbyXOdydcotbUg	j`zsti¶bcikj>`+rbyin¡k¡ T j¡xsor(Â¨X>¥ qz¥kptsoewbceryjvdcg"X@=<AB?inr£rbyin¡k¡Bo`ve¢@ewin¡xewo¡nXHÄ	pb T XLdcX	laryooYZinrcryikj>` !ik¡n¡
e>g"g	j>YZo¡kixr T ¡ni¶byby¡nX¥ SUT X-`oXO ÆRoX"dc$ !in¡k¡BX-dcX	lmjobyinY:i"!"XHsGpGotbikbcr(X	tXHg	tbcikj>`Ì !in¡k¡·rbyj>ÌinY:YZXHstinewbyXO¡k>¥ SUT vr"pGin`Ãb T ixr
eoo¡ningOe@byinj`Ñj¤£vedbcine¡·ew`vry £X"dfr"pGb T X¹<½@È3® #¬f¼@È3®¾½@¹bcjb T X«zrXOdjw¤£b T X+e¢@eik¡xewoin¡ni¶b}j¤Uesoewbce$ryjodfg	XZ £jo¡xsÁikYZodcj@¢X
Ye@bybyXOdcrO¥ SUT ixrUinrcrvXinr£¤¨tbcodcX j>dyÏ<¥
in`vew¡n¡k>p@ik`jodX	oewYZo¡nX7 £XrbcewbyX7b T ewbOp@o`vsoX"djod j>dyÏin`oqercryoYZtbyinj`vrOpHb T X£dcX	larovY:ixrcrinj`j¤tb T X£vewdybyixew¡ew`zr £X"d
e>r7e`vX" KÆRoX"dc: !ik¡n¡zdcXOryo¡kb7in`b T X(ryeYZXLew`zr £X"d7e>rb T Xj>dyinqin`vew¡BÆRoX"dc¥ SUT ixrrbcewbyX"YZXO`>b T j¡xsoro`vstXOd·b T X(e>ryryoYZtbyinj`
b T e@b«¹<½$¸HÇ ¼@Èa±+»y±	¯n±@¼@¹zÈLÈa½È¨­o±FÓ	¸v±"»h¿½O¬f¬"¸t»f²Xf±"È5É7±f±"¹ÒÈ¨­o±«²fÈa¼@»hÈ½ À Ó"¸v±	»h¿:Ç<»y½H¬c±	²f²h®°¹RºÁ¼@¹ È°­v±#7¹B¼w¯7¼@¹o²hÉ7±"»h¥ ) Ãe
dcX"¡nX"¢@ew`Rb!o<soe@bcXpz XYZXOe`e`oBsve@byXb T e@bg T ew`oq>XOrb T X-ew`vry XOd£byjZb T XÆ>vX"dc¥$oj>dUb T XdcXOrbjw¤b T inr!zewBX"dHpt XÏ>X"X"
b T inr j>dyÏin`oq:e>ryryoYZtbcikj>`W¥ Ý ew`zst¡kin`oqo<soewbyXOrinr!e¡nryj:¤¨tbyodcX £jdcÏB¥
% &')(*+,-.(-
^a`ryoYZYZedy>p@b T inrvezXOd·stXOrcg	dcinzXHreL`vj@¢X"¡oeoodcj>e>g T byj T e`vst¡nik`oqv`ve¢@ewin¡neo¡kXUsoewbcerj>odfg	XOrstvdyin`oqÆRoX"dcodcjtg	XOrcryik`oq
in` T X	bcX"dcjq>X"`oXOjvrstixrbydcikoobyXOs soe@bfewve>rXHr"¥ÅÕÃX+soXOrcg	dcikBX«in`/XOg	byinj` eF¤¨dfewYZX" £jdcÏjw¤!dcX"¡xe@bcXOsÃbyXHg T `oixg"ew¡odcjo¡nX"Yr
e`vsÔrj>¡kobyinj`vrb T ewb-vedbcine¡7ew`vry £X"dfrik`vsovg	XHr"¥$^a`Òzewdybyixg	o¡xewdHp £X«stX"Îv`oXÇv¼@»c¼¬f­¸tÈa±$Ó	¸v±"»h®¾±h²hpe$q>X"`oXOdce¡·YZX	b T jsÔ¤¨jd
X"Rbcdce>ghbcik`oq ik`t¤¨j>dyYewbyinj` ¤¨dcjY vewdybyixew¡(ew`vry XOdcrO¥ ^a`t/XHghbyinj` [Ô XÃstXOrcg	dcikBXÃe`Kew¡nqj>dyikb T Y&¤¨jdÅqXO`oX"dfe@bcik`oqÔzewdybyixew¡
e`vr £X"dfr7e`vs«stixrcg	vrcr7inYZo¡nX"YZX"`Rbcewbyinj`bcdce>stX	lmjw§Gr¤¨j>d·b T inrUe¡kq>jdci¶b T Y¥/XHghbcikj>`«-stXHryg"dyinBXOr7e`«inY:v¡kXOY:XO`Rbce@bcikj>`«jw¤j`oX
g"j¡n¡kXHghbyinj`+jw¤Gb T XOryXbydfesoX	lmjw§Gr"¥/XOg	byinj`%stXOrcg	dcinzXHre-Æ>vX"dc-odcjtg	XHryryik`vqX	oewYZo¡nX  T ing T in`¢j>¡k¢>XOrvedbcine¡Be`vry XOdcrO¥Í^a`
/XHghbcikj>` £Xg	j`zg	¡nvstXb T XvewBX"d!+ryoYZYewdci/!Oik`oqZj>od!dyXHrv¡¶bfr!ew`vsFstixryg"vryryin`oq:¤¨tbyodcX £jdcÏB¥
0 1 32_!4
	Lod(ewovdyjReg T byj«b T Xodcjv¡kXOYj¤v`ve¢@ewin¡neo¡kX-soe@bfe«rj>odfg	XOrUj§BXOdcrb} j«e>rBXOg	bcrO¥.ikdfr}bHpz £Xg"j`vryinsoX"d!b T XXO¢e¡kze@byinj`
j¤ÆRoXOdyinXOr£in`FvdyXHrXO`vg	X(jw¤o`ve¢@ewin¡neo¡nXsve@bce:ryjodfg	XHr"¥/XHg	j`zsGptik`$gOeryX(ryjYZXsoe@bfeZrj>odcg"XOr£ewdcXo`ve¢@ewin¡neo¡nXp Xrbyvso
b T Xodcjo¡nX"Y j¤X"bydfeghbcik`vq:in`t¤¨j>dyYe@bcikj>`+qRe@b T X"dcXOsFstodcik`oq:b T XX"¢@ew¡nvewbyinj`W¥
 ÍX	bzrrbyvsob T XzX T e¢ikj>dÍjw¤veLÆRoX"dcLvdyjtg	XHryryin`oqryrbyXOYb T ewbin`>bcX"q>dcewbyXOrÍjodewvodyjReg T ¥W¦`-eoo¡ningOe@byinj`vdyj>qdfewY
ryooYZikbcr·eÆRoX"dc65p@  T ing T in`R¢>j¡n¢XHrryX"¢>X"dfew¡tsoe@bfeLryjvdcg"XOrO¥Í^m¤Gew¡n¡osoe@bfeLryjodfg	XHrewdcX£e¢@ewin¡xewo¡nXpb T X"`:b T XrtrbyX"YdyX"byodc`vr
e`e`vry XOd '7 598¥o^m¤j`oXj>drXO¢X"dfew¡<ryjodfg	XHr!ewdcXLo`ze¢eik¡xewv¡kX>pb T Xrytr}bcX"Y dcX	bcody`zr!e-zewdybyixew¡Wew`zr £X"d: 7 598¥
ÕÁXstX	Îv`vX:eÅvewdybyixew¡e`vr £X"d;: 7 598e>re+veikd 7 5=<?>"@;8@¥A5=<ÍixreÅÆRoXOdyFb T e@bdcXOryo¡¶bfrL¤¨dyj>YÐb T X:vewdybyixew¡XO¢e¡kze@byinj`
j¤b T X«jdcinqin`vew¡·ÆRoXOdyÌe`vsB@ ixrb T X+X"`¢ikdcj`oYZXO`>bj¤b T X«vedbcine¡·ew`vry XOdO¥ÕÁX«odcj@¢insoXZe`Ôew¡nqjdcikb T Y in` /XOg	byinj`Ò[











Ad hoc Parachute Queries
Contains Contained By Non-OverlappingOverlapping
Unconstrained
Constrained
inqodcXZ´ S e@tj`vjYj¤ { edbcine¡<¦`vry XOdcr!e`vs { edce>g T tbyXÞLoX"dcikXHr
ryjodfg	XHr"p>ew`vsevedbb T e@b·ixr7eÆRoXOdyj`Zb T Xsoe@bferj>odcg"XOrb T e@b7 £X"dcX!o`ve¢@eik¡xewo¡nX¥ @Kg	j>`Rbcewin`vr·e>sostikbyinj`ve¡oin`t¤¨jdcYe@byinj`
b T e@b T e>rUzXOX"`q>ewb T XOdyXHsÅsoodyin`oq:b T XX"¢@ew¡nve@bcikj>`WptX¥ qv¥npb T X¡kixr}bj¤sve@bceZryjodfg	XHrb T ewb XOdyXe¢@ewin¡neo¡kXj>d£v`ve¢@ewin¡neo¡kX>¥
¦£bUe¡xe@byXOd7Bjin`Rbin`byinYZXp 5C<Bg"ew`BXdcX	laryooYZi¶bybyXHsZbyjb T X(rtrbyX"Y¥
	Lod£ew¡nqjdcikb T Y\¤¨jdb T XLqXO`oX"dfe@bcikj>`:j¤ 5C<zj`o¡n
in`¢j¡n¢XHrb T Xsoe@bfeÅryjvdcg"XOrb T ewb( £X"dcX-v`ve¢@ewin¡neo¡kX-  T X"` 5  £e>rLXO¢@ew¡nve@bcXOsG¥ SUT X:rytr}bcX"YdcX	byvdy`vr(XOi¶b T X"dew`Ñew`zr £X"d
'7 5C< 8pRjdUew`ojb T XOd7vedbcine¡ze`vr £X"d : 7 5=< 8pstXOzXO`vstin`oqj>`b T X(in`>bcX"dcdyvtbg	j>`vstikbyinj`Wpi3¥ X>¥kpRb T XLe¢@ewin¡xewoin¡kikb}:jw¤Gb T X(soewbce
ryjodfg	XHrUik`¢>j¡n¢XOs+ik` 5=<¾¥oÕ T XO` 5C< inrrovY:ikbbcXOsFbcjZb T Xrytr}bcX"Yptb T XÆ>vX"dc«odcjg"XOrcrj>d!g	j`zrixstX"dfr£i¶bLik`Fb T XryeY:X Ue
e>reo¡xewin`ÒÆRoX"dcpew`vsÁikbixrjobyinY:i"!"XHsG¥ SUT X«X"XHg	tbcikj>`Ño¡ne`Ñb T ewbixrvryXOsÁ¤¨j>d 5C<ixrq>X"`oXOdce¡k¡nÌstik§BXOdyXO`Rb¤¨dyj>Yb T X
X"XHg	tbcikj>`o¡ne`ÅzrXHs+¤¨j>d-5¥
^m¤b T Xryjodfg	XHrb T e@b £X"dcX-v`ve¢@ewin¡neo¡kXZstodcin`oq+b T XZX"¢@ew¡nvewbyinj`Ájw¤5ewdcX:`oj@ e¢@ewin¡neo¡nXp<b T X"`Ñew`Ñew`vry XOd '7 5=< 8
ixr(dyX"byodc`oXOsW¥à`vstXOd(j>od( j>dyÏin`oq+ercryoYZtbyinj`Ìb T ewb(`ojFo<soe@bcXOrewdcXBX"dy¤¨jdcYZXOsj>`$b T XZsve@bceÅrj>odfg	XOr  7 5C< 8ixrb T X
e`vr £X"d£bcjZb T Xj>dyinqin`vew¡GÆRoXOdy<´  7 5C< 8  '7 598¥
^m¤ryjYZXj¤·b T X:ryjodfg	XHr!b T e@b( XOdyX-o`ve¢@ewin¡neo¡nXstodcik`vq«b T X-XO¢e¡kze@byinj`$j¤ 5edyX-r}bcik¡n¡o`ve¢@ewin¡neo¡nXpzb T XO`Ãew`vjwb T X"d
vedbcine¡ze`vr £X"d7inrdyX"byodc`oXHsGp : 7 5C< 8  7 5 >/@6< 8@¥ { jRryryikv¡k:rvgOg	XHryryik¢>X!vewdybyixew¡Bew`vry £X"dfr·ewdcX!odcjsovg	XHszX"¤¨jdcX!b T XÎv`ve¡
dcXOryo¡kbg"ew`FBXjtbfewin`oXOsG¥
vjdUX	oewYZo¡nXpog"j`vryixstX"d£b T X(j>dyinqin`ve¡<ÆRoXOdyq>ik¢>X"`Åik`Åb T Xin`Rbydcjtstvghbcikj>`W¥^mb!ik`¢j>¡k¢>XOrb} £j:soewbce:rj>odfg	XOrÂ5g	jYZve`oinXOr
e`vs oixsorfÄhpe`vs eÔ¡njgOew¡(g	¡xercrÌÂ¨dcX"q>ikj>`zÄh¥Y	Ldcinqin`vew¡n¡k>pUzjb T dcX"YZjwbcXrj>odfg	XOr+ewdcXo`ve¢@ewin¡xewo¡nX(eÒvedbcine¡ew`vry £X"d«ixr
q>X"`oXOdcewbyXOsW¥ SUT ixr(vewdybyixew¡ew`vry XOdLg"j`Rbceik`vrLe+ÆRoXOdyFb T e@b(rbyin¡n¡in`¢j>¡k¢>XOrUb T X:g"jYZve`oikXHrLe`vs$oixsor(soe@bfe+ryjodfg	XHr"¥L^mbLixr
¡xe@bcX"d!dcX	larovY:ikbbcXOs+byj:b T Xrytr}bcX"Ypoj>tbyinYZi/!OXOsFew`vsÅX"¢@ew¡nvewbyXOsW¥áLodcik`vq-b T XryXOg	j>`vs«XO¢@ew¡nve@bcikj>`Wpb T Xoixsorsve@bce:ryjodfg	X
ixre¢eik¡xewv¡kX>zb T XZg	jYZve`oinXOr(soe@bfe+ryjodfg	X-inr(r}bcik¡n¡o`ve¢@ewin¡xewo¡nX¥ SUT XZrtrbyX"YdcX	bcodc`vrLe`ojwb T X"dLvewdybyixew¡ew`zr £X"dHpz  T ing T
g"j`Rbceik`vreÆRoXOdy$in`¢j¡n¢ik`vqÅj>`o¡kb T X«g"jYZvew`vikXHr(sve@bceryjodfg	X>¥-^mbixr¡xe@byXOddyXHrovY:ikbbcXOsGb T inr(bcikYZX>pWb T X«g	jYZve`oinXOr
soewbceZryjodfg	Xixr!e¢eik¡xewv¡kXew`zs«b T XrtrbyXOY dyX"byodc`vr£b T XÎv`ve¡WdyXHrv¡¶bH¥
àLrin`oqÌryvg"g"XOrcrin¢Xzewdybyixew¡7e`vr £X"dfrOpÍb T X"dcX«ixr`oj`vX"XOsÔbyj T e¢>XX"¢>X"dcÃsoewbceryjodfg	XHre¢@ewin¡neo¡nX«rinYo¡kbce`oX"j>vry¡kÌbyj
odcjtstvg"X(edyXHro¡kbO¥^mb!rg"XOr7b T ewbUe-soe@bferyjodfg	XinrUe¢@ewin¡neo¡nXstodcik`vqb T XLXO¢e¡kze@byinj`+jw¤Íj>`oXj¤Wb T Xryvg"g"XOrcrin¢Xzewdybyixew¡
e`vr £X"dfr£byjXO`vryodyXb T e@bb T Xsve@bce-¤¨dcjY b T ixrryjodfg	XixrvryXOsÅ¤¨j>d!b T XÎv`vew¡ÍdyXHro¡kbO¥ SUT XryrbyXOYËgOew`odcjtstvg	X(b T XÎv`ve¡
dcXOryo¡kbik¤ÍXOe>g T rj>odcg"Xixre¢@ewin¡xewo¡nXe@b£¡kXHerbj>`vg	Xsoodyin`oqb T Xrzg"g	XHryryin¢X!X"¢@e¡kvewbyinj`vrO¥ SUT ixr7ixre`«in`vg	dcXOe>rXin`«dcX"¡nineoin¡kikb}
 !ikb T dcXOryzXHghb!byj:b T XrtrbyXOYZr£b T e@bgOew`Fodcjsovg	Xb T XÎv`ve¡GdyXHro¡kb!j`o¡n+ik¤ew¡n¡Wrj>odcg"XOrUewdcXe¢@ewin¡neo¡kXryikY-o¡¶bfew`oXOjvry¡n¥
Õ T XO`Áe`Ãeoo¡ningOe@byinj`Ìodyj>qdfewYËdyXHg	XOik¢>XOr(e+vedbcine¡e`vry XOd : 7 5 8pGikbg"ew`ÃdyXHrvoYZi¶b 5C<5pBj>dLX"bydfeghbin`t¤¨jdcYe@byinj`
¤¨dcjY @¥ Ý j@ XO¢X"dHpRb T Xin`t¤¨j>dyYe@bcikj>`ÅX"bydfeghbcXOs+¤¨dyj>Y @ ixrUXOrcrXO`Rbyixew¡n¡k+ryBXOg	ikÎzgin`t¤¨jdcYe@bcikj>`Fg"jsoXOsÅik`RbyjZb T Xin`>bcX"dy¤¾eg"Xp
ryvg T erLb T XZ¡ninrbjw¤£e¢@eik¡xewo¡nXj>do`ve¢@ewin¡neo¡nX:soewbceFrj>odfg	XOrO¥^a`Rbyoikbyin¢XO¡k>pGb T X"dcX-ixrYZjdcX-in`t¤¨jdcYe@bcikj>`Ãg	j>`Rbcewin`oXHsin`Áe
vedbcine¡Re`vry XOdO¥j>`vryinstXOdyin`oq!b T X7X"oewYZo¡nX7in`b T X£in`>bcdyjtstzghbyinj`ÍpHin`b T XgOeryX·b T e@bb T Xg@=<AB?Usoe@bferyjodfg	X·ixro`ve¢@ewin¡neo¡nXp
b T XryX	bjw¤ 36578:96;=<>?(b T e@beoBXOewdik`Fb T XÆRoX"dcÌ®x²!e¢@ewin¡neo¡kX>poew`vsewb¡kXHerbrj>Y:XryovryX	bLjw¤i¶bYe«BXg"j`Rbceik`oXHsFik`
b T XLzewdybyixew¡ze`vry XOdO¥ÕÃX(ik`Rbcdyjtstvg"Xezewdfeg T tbyXÆRoXOdy©byj:stX"`vjwbyX(soe@bfeew`Åewoo¡nixg"e@bcikj>` j>o¡xs¡kinÏXbyjX"bydfeghb¤¨dyj>Y
eFvedbcine¡·ew`vry XOdO¥ SUT XOdyXZixre+¤¨v`vghbcikj>` & 7 : 7 5 8 > 8b T e@bewbbyXOYZtbcrbcj$dyX"byodc`Ãb T X«e`vr £X"d(bcjeFvedce>g T tbyXZÆRoX"dc
 !ikb T dcXOryBXOghb!bcj+eZvedbcine¡Íew`vry £X"dH¥7^m¤b T X-soe@bfestX"`ojbyXHsR	 gOew`BXjobcewin`oXHsGptb T X"`ikbixr!dyX"byodc`oXHsGpvjb T XOdy !ixrXb T X
e`vr £X"d£bcj
ixrU`Rv¡k¡3¥ SUT Xewvo¡kixg"ewbyinj`FodcjqdfewYYe+e>rÏ+ryX"¢>X"dfew¡<vedce>g T obyXÆ>vX"dcikXHr"¥
^a`b T ixrryXOg	byinj`Wp £X·odcXOryX"`Rbe!bfe@tj`vjYLjw¤tb T X7ixryryoXHrWdcX"¡xe@byXHs(byjLvewdybyixew¡Rew`vry XOdcrÍew`vszewdfeg T tbyX·ÆRoXOdyinXOrOp inqvdyXL¥
SUT ixr·g"¡ne>ryryi¶ÎBg"e@bcikj>`j¤vb T XUsoi¶§<X"dcX"`Rbb}zXHrjw¤Bvewdybyixew¡oe`vr £X"dfrew`vs-vewdfeg T tbcX£ÆRoXOdyinXOrb T e@b £X T e¢X£insoX"`RbyikÎvXOs:in`vg	¡nvstXHr
ryjYZXinY:v¡kXOY:XO`Rbce@bcikj>`g	j>`vrixstXOdcewbyinj`vrOti¶bLqin¢XOrUzre:¤¨dfewYZX" £jdcÏZ¤¨jd!b T Xstik§<X"dcX"`RbBj>rcrino¡nXdyXHrXHewdfg T stindyXHghbcikj>`vr"pzew`vs
ikbodcj@¢RixstXHr!ew`Fj@¢X"dc¢ikXO  jw¤b T Xvdyj>o¡kXOYrUdceinryXOs+RÅvewdybyixew¡Ge`vr £X"dfrUew`vsFvedce>g T tbyXÆRoX"dcikXHr"¥
ú© 4IdªLH
   ·­½w¹v¹<±	ÈªNOv½Z¼@²h®¾¬
   *(#! " * 
ÕÁXYewÏXZeFodcikYewdcstin¢inryikj>`ÃBX	b} £X"XO` ½fÇo¼>Ó	¸v±vewdybyixew¡·e`vr £X"dfrOpzb T e@bedyXZryikYZo¡nÌer}bcX"Ãbyj@ UewdfsorLb T X:Îv`zew¡dcXOryo¡¶bHp
e`vsÁÈ5»y¼w¹o²3Çv¼@»y±"¹vÈGvedbcine¡Gew`vry XOdcrOpR¤¨dyj>Y   T ixg T soe@bfe:gOew`FzXX"bydfeghbcXOsG¥

	
	   × : t5 '! Ú× 
Õ T XO` ew`Ôeoo¡ningOe@byinj`Ñodcjq>dceY dcXOg	XOik¢>XOre`Áj>veÆRoXzewdybyixew¡7e`vr £X"dHpÍikbÏ`oj@ rb T e@bb T X+j>dyinqin`ve¡·Æ>vX"dcÃg	j>o¡xsÃ`vjwb
BXg	j>Y:v¡kX"byX"¡n+XO¢@ew¡nve@bcXOsÅzXHg"ewzrX(b T Xik`RbyXOdydcotbg"j`vsoi¶bcikj>`Åjtg"g"odcdyXHsG¥ SUT Xewov¡kixg"ewbyinj`Fodyj>qdfewY g"e`ÅdcX	laryooYZi¶b!b T X
j>veÆRoXÅvewdybyixew¡Uew`vry £X"dZe@be¡xe@byXOdZzj>ik`RbZik` byinY:XFbcjÌjobcewin`Òb T XFdyXHro¡kbZjw¤b T XÅj>dyinqin`ve¡£ÆRoXOdy>¥Á^mbg"e`o`ojb:X"Rbcdce>ghb
in`t¤¨jdcYe@bcikj>`W¥:ß7¢XO`Ìb T inrYZin`oinYZe¡¤¨o`vg	byinj`ve¡kikb}ixr¢XOdy$vryX	¤¨v¡5prin`vg	Xe`Áe`vr £X"dg"e`ÃBXdcX	byvdy`oXHsXO¢X"`Áik¤Ue¡k¡·soewbce
ryjodfg	XHrewdcX!`ojwb7e¢@eik¡xewo¡nX!rinYv¡¶bfew`oXOjvry¡k>¥ SUT X!odyj>vewvik¡ni¶b}b T ewbew`eoo¡ningOe@byinj`:odcjq>dceY©jtbfewin`vr·e`Ze`vry XOdinrb T vr
in`vg	dcXOe>rXHsG¥
SUT XUg	XO`Rbydfew¡ixrcroXUg	j>`vg	XOdy`vik`oqjve>Æ>vX7vedbcine¡Re`vr £X"dfrÍg"j`vg"X"dc`vrGb T X¼G½@¸t¹vÈ½ À É7½@»H¼¬f¬f½GÇB¯µ®x²y­o± @¸t»h®°¹º£Çv¼@»hÈ3®¾¼@¯
±L¼w¯µ¸v¼@È3®¾½@¹z¥ÅÂ¾^a`¤¾eg	bOpGb T ixrLixrcroXZew¡xryjÅg	j>`vg	XOdy`zrbcdce`vrzewdcX"`Rbvedbcine¡e`vr £X"dfrOpBvtb( £XZstinrcg	zryrLb T X-ixryryoX T X"dcX¥òÄ SUT X
eY:j>o`Rb:j¤L £jdcÏÔstX"BX"`vsvr-j>` b T XFik`RbyXOdydcotbg	j>`vstikbyinj`W¥^a` j>odewoo¡nixg"e@bcikj>`Wpb T X j>dyÏÔegOg	j>Y:v¡kixr T XOsÔixrr}bcdyj>`oq¡n
dcX"¡xe@bcXOsZbcjb T XixryryoXOr7dceinryXOsZin`b T XL £jdcÏj>`ÃÓ"¸v±	»h¿²	¬"»y¼'"¯µ®°¹Rº  m¥7ÞLoX"dc:rcg	dfewY-o¡nik`oqbcegfÏ¡nXOr·b T XLodyj>o¡nX"YÊjw¤ÍstXO¡netr
in`Òb T XdyXHrBj`vryXOrjw¤b T Xsoe@bfeÃryjodfg	XHr »y±	²	¬f­o± w¸t¯µ®°¹Rº½cÇv±	»y¼wÈ5®¾½w¹o²in` dcXOryBj`vryX«bcjÃstXO¡netrO¥Á^a`eÌryikYZo¡nXFdyo`ol5bcikYZX
rytr}bcX"YpoXOe>g T soe@bfe:ryjvdcg"X(in`¢j>¡k¢>XOsÅik`ÆRoXOdy«ixrg"j`Rbce>ghbyXHsÅryXOÆRoXO`Rbyixew¡n¡k>¥·Õ T X"`esve@bceZryjodfg	XstXO¡netrOptb T Xdyo`ol5bcikYZX
rytr}bcX"Yo¡njgfÏtrO¥^a` eÆRoX"dcÑryg"dceYo¡nik`vq$dyo`ol5bcikYZX+rytr}bcX"Ypb T XFstX"¡xeXHsÔrj>odcg"Xinr«²H@® Ç>Ço± Åew`vsÔjb T XOdvedbfrjw¤!b T X
dco`tl3byinYZXrytr}bcX"YedyXFX	tXHg	tbcXOsG¥ÕÃX$zrXFb T inr:bcXOg T `oixÆRoXFbyjÑin`vg	dcXOe>rXÅb T X$eY:j>o`Rbjw¤L £jdcÏÔegOg	jYZo¡nixr T XHssoodyin`oq
vedbcine¡GX"¢@ew¡nvewbyinj`Wpoe>r!stX	bfewin¡kXHsÅin`P/XOg	byinj`[o¥
SUT X:Yewin`Ãe>st¢@ew`RbceqXj¤7jzeÆRoXzewdybyixew¡ew`vry XOdcrinrLb T e@bb T X:rytr}bcX"Yixr¤¨dcX"X-byjFqXO`oX"dfe@bcXew`zsYewin`Rbcewin`Ìzewdybyixew¡
e`vr £X"dfrÅik`Eb T XÁYZj>rbFX g"ikXO`RbF Ue¥ SUT XÁj¢ikj>vrFstinrceso¢e`Rbcewq>Xixr+b T e@b$evewdybyixew¡ew`vry £X"d+YeKg"j`Rbceik`KzrX"¤¨o¡
in`t¤¨jdcYe@bcikj>`+b T e@bgOew`o`ojb!zXX"v¡kj>i¶bcXOsGpve>rUi¶bixrU`ojbzjRryryikv¡kX(byjX"bydfeghbUikbO¥

	  @  t × < : oH¾ '!  Ú× @
S dce`vryvewdcX"`RbZvewdybyixew¡e`vr £X"dfr:zXOdyYZikbb T X$X"bydfeghbcikj>`j¤Lin`t¤¨jdcYe@bcikj>`W¥ ÕÃXg"¡ne>ryryik¤¨Òik`o¤¨jdcYZewbyinj` er¼(Ã­o½H¬Zj>d«er
²3Çv±c¬"® #¬"¥·ÕÁXvryX(zewdfeg T tbyXÆRoX"dcinXOr£byj«ryBXOg	ik¤¨+ryzXHg	ikÎzgin`t¤¨jdcYe@byinj`Í¥
SUT X`ze@byvdyXjw¤es T jtgin`t¤¨jdcYe@bcikj>`FstXOzXO`vsorj`Åb T Xq>X"`oXOdce¡GrtrbyX"Yik`  T ixg T vewdybyixew¡We`vry XOdcr!edyXvryXOsG¥7^a`Fj>od
eoo¡ningOe@byinj`Íptvewdybyixew¡We`vr £X"dfrUewdcXLXOYBXOsosoXOsFik`$e T X"byX"dcjq>X"`oXOjvr£stixr}bcdyinotbcXOssoewbcewzeryX( !ikb T Y-o¡¶bcikv¡kXsoewbceZryjodfg	XHr"p
ryjÌ £XÅvdyj@¢ixstX«¢@ewdcikj>vr¤¨o`vghbcikj>`vr-dyXO¡newbyXOsÒbyjÌb T ixrZrtrbyX"Y¥ÑÕÁXÅodcj@¢insoX+e¤¨v`vghbcikj>`ÒbyjÃX	bydfeg	bb T XFryX	bZjw¤(rj>odcg"XOr
e¢@ewin¡xewo¡nXstodcin`oq+ÆRoX"dcFodyjtg"XOrcrin`oq«ew`zsFb T X:rX"bLjw¤7ryjvdcg"XOr!o`ze¢eik¡xewv¡kXstvdyin`oqÅÆRoXOdyFodcjtg	XOrcryik`oqz¥ SUT X-eoo¡ningOe@byinj`
Ye-bydfegfÏb T XLryjvdcg"XOrb T e@bedyXjw¤°byXO`o`ve¢@ewin¡xewo¡nXjde¢eik¡xewv¡kXe`vs:bceÏXstXHg	ixrinj`zr·j`  T X	b T X"d·bcjryooYZi¶bb T X(ÆRoX"dc
eq>ewin`Wptj>d£`vjwbOpvveryXOsÅj`Fb T inrUin`t¤¨jdcYe@bcikj>`W¥
¦odyj>o¡nX"YËinrb T X-ik`RbcX"dcodyX"bcewbyinj`ew`Ãewoo¡nixg"e@bcikj>`$odcjqdfewYqin¢XHrUbyjFe+soewbce«ryjodfg	X`vewYZXp<ryik`vg"Xb T X-eoo¡ningOe@byinj`
odcjq>dceY eg	byve¡k¡nÅstXHew¡xr! !ikb T q¡njve¡Wryg T X"Ye:b T ewbstjXOr!`vjwbX	to¡nixg	ikby¡nÅrbce@bcXsoe@bferj>odfg	XOrOb T Xg	j>`o`oXOg	byinj`FzX"b} XOX"`
b T Xq>¡kj>vew¡orcg T X"Yee`vssoe@bferj>odfg	XOrixr·vdyj@¢ixstXOs:b T XLsoewbceveryX!estYZin`oinrbydfe@bcjdH¥ÍÕÁX¡nXOe¢>Xb T ixr·odcjo¡nX"Y¤¨jd7¤¨tbyodcX
 £jdcÏ<¥
$jRr}bikYZBjdybcew`Rbc¡k>pb T XLzrXOdcr Uew`RbbyjX"Rbcdce>ghbsve@bceb T ewb T e¢>X!zXOX"`Åjtbfewin`oXOs:¤¨dcjYesoewbceryjvdcg"Xew`vsZvdyjtg	XHryryXOs
stvdyin`oqvewdybyixew¡XO¢e¡kze@byinj`Í¥ SUT ixrodcXOryX"`RbcreFodcjo¡nX"YpWryik`zg	X:b T XX"tXOg	obyinj`Ìv¡ne`Ì¤¨j>db T XÆRoX"dcpew`vsÌb T XOdyX"¤¨jdcXb T X
rbydcvghbcodcX(j¤b T Xin`>bcX"dcYZXOstixe@bcX(dcXOryo¡kbcr!stvdyin`oqZX	tXOg"tbyinj`j¤Íb T XÆ>vX"dcpoewdcXstX	bcX"dcYZik`oXHsFR«b T XÆRoXOdy«j>tbyinYZi/!OX"dH¥
j>`vrixstXOdb T X«b T dyXOXÅsoewbceryjodfg	XHrj¤!b T XÅik`Rbydcjtstvg	byinj`W´oixsorOp·g	j>Y:zew`oinXOrOpew`vsÑdcX"q>ikj>`vr"·e`vsÑb T XFÆRoXOdyÁjw¤!b T X
in`Rbydcjsovghbcikj>`W¥
"j@ po¡kX"bvrg"j`vryixstX"d!b T e@bb T Xvinsorsoe@bferj>odcg"Xinro`ve¢@ewin¡neo¡nX(  T X"`b T XÆRoX"dc+ixr!X"¢@e¡kvewbyXHsGzeZvedbcine¡Íew`zr £X"d
ixrdcX	bcody`vXOsG¥FáXOzXO`vstin`oqj`Áb T X«X	tXHg	tbcikj>`Áv¡ne`Wpin`RbyXOdyYZXOsoinewbyXdcXOryo¡¶bfr !in¡k¡X"ikb T XOdg	j>`>bfewin`Áb T X«YewbyX"dcixew¡ni/!He@byinj`Ájw¤
b T X:sve@bce+jtbfewin`oXOs¤¨dyj>YËb T XZg	j>Y:zew`$ew`vs$dcX"q>ikj>`$dyXO¡newbyinj`vrOp<jdb T X:dyXHrv¡¶bjw¤7e|}jin`ÌBX	b} £X"X"`Ìb T XHrXb} jÅdyXO¡newbyinj`vrO¥
 Íik`oÏin`oqewvo¡kixg"ewbyinj`ÁodcjqdfewYrbyjb T XdyXHrv¡¶bj¤UÆRoXOdyj>tbyinYZi/!He@bcikj>`Ãixrg	¡nXOedy¡no`zstXOryikdfewv¡kX>pÍrin`vg"XZb T X«eoo¡ningOe@byinj`
odcjq>dceY  !ik¡n¡ T e¢>Xbcj«g	j>zX !ikb T zjb T Bj>rcrino¡nX(YewbyX"dcixew¡ni/!He@byinj`zr"¥
S jÁryj¡n¢XÅb T inrZodcjv¡kXOY b T X$eoo¡ningOe@byinj`odcjqdfewY ryzXHg	ikÎvXOreÁvedce>g T tbyXFÆ>vX"dc ew`vsew`ew¡nqj>dyikb T Y & b T e@b
¼@¿X"Rbcdce>ghbb T Xe`vr £X"dbyj  ¤¨dyj>Y b T Xvedbcine¡WX"¢@e¡kvewbyinj` : 7 5 8¥ SUT X¡nikÏ>X"¡ni T jRjtsFb T e@b & ryvgOg	X"XHsorin`$X	bcdce>ghbyin`oq
b T XÔew`vry XOd«bcj  stXOzXO`vsorj>`KÎvdfr}bFb T XÃdcX"¡xe@bcikj>`vr T ikKBX	b} £X"XO`  e`vs 5 Â¾g	¤}¥¤/XOg	byinj`o¥ >Ä+e`vsEryXOg"j`vsKj`Kb T X
inYZo¡kXOYZX"`Rbcewbyinj`jw¤ & Â5gh¤}¥B/tXOghbcikj>`t¥òt¥n¥òÄ
SUT X+YZeik`Ôe>st¢@ew`RbceqXZjw¤Ubydfew`zrvedyXO`Rbzewdybyixew¡7e`vr £X"dfrixrb T e@bvryX	¤¨v¡ew`zsÃYZXHew`oin`oqw¤¨v¡7in`t¤¨jdcYe@byinj`ÔgOew`ÔBX«X	l
bcdce>ghbyXHsvedb( £eÅb T dyj>oq T b T Xg	j>Y:vtbcewbyinj`j¤e+ÆRoXOdy>¥ZÂ oj>dLX"teYZo¡kX>pBb T X:ik`RbcX"dcdyoobg"j`vstikbyinj`Ãg	jv¡nsÃrinYZo¡k$BX




^a`esosoi¶bcikj>`Wporj>YZX(ÆRoXOdy«X"tXOg	obyinj`+v¡ne`vrUYezXdcX}|}XOg	byXHs+BXOgOewvryXb T X"+odyXO¢XO`>b£b T X(XO¢@ew¡nve@bcikj>`+jw¤ Ê & ¥ SUT ixr
Ye«dcXOrbydcing	bUb T XX g"ikXO`vg	Few`vs+b T XrinYZo¡kixg	ikb}+j¤Íb T XrtrbyXOYF¥
   *:  .(f"  "A*+#" 
ÕÁX$stinrbyin`oq>oinr T ¤¨j>odstik§BXOdyXO`>bÏin`vsor:jw¤zewdfeg T tbyXFÆRoX"dcikXHr 'stX"BX"`vsoik`oqÑj>` T j@ b T X$ew`vry XOdcrbyjÃb T XFzewdfeg T tbyX
ÆRoXOdyinXOrLdyXO¡newbyXbyj«b T XZew`vry XOdj¤·b T X:jdcinqin`vew¡Æ>vX"dc 5 ®°¹ >±mÇv±	¹ ±"¹vÈ3¯µ¿½ À È°­v±:²hÈm¼wÈm±½ À È¨­o±¸t¹ ±"»h¯µ¿@®°¹º ¼wÈm¼Å²"½@¸t»c¬c±	²h¥
ÕÁXg"e¡k¡Wb T X¤¨j>odÏin`vsor!j¤zewdfeg T tbyXÆRoXOdyinXOr¬f½@¹zÈm¼w®°¹o²hp¬f½w¹vÈa¼@®°¹B± Kd	¿@p½G@±	»h¯n¼cÇÇ<®°¹Rº:ew`zsÃ¹<½@¹BK½G@±	»h¯k¼fÇÇ<®°¹Rº¥·½w¹vÈa¼@®°¹o²
YZXOe`vrb T e@b7¤¨jd7e¡k¡vrbcewbyXHrjw¤<b T Xsoe@bfe  7  8 '7 598pi3¥ X¥npb T Xew`zr £X"dbcjb T Xvewdfeg T tbcXUÆRoXOdy:g	j>`>bfewin`vrb T Xew`zr £X"d
bcjÌb T Xik`oikbyixew¡!ÆRoXOdyKÂ¾ik` b T X$ryX"`vryXÅj¤Lg	j>`Rbcewin`oYZX"`RbZstX	Îv`vXOsik`\ 	G¨Äh¥
·½@¹zÈm¼w®°¹B± GKd"¿@p '7  8  7 5 8«YZXOew`zrb T X
j>ozjRrikbyX>¥ ±"»h¯k¼cÇ>ÇB®°¹ºp  7  8  7 5 8 pWYZXOe`vr(b T ewbb T X«ew`vry XOdcr(j@¢>X"dc¡neotb-sojF`vjwbg	j>`Rbcewin`ÁXOeg T jwb T X"dH¥
 ½@¹K½±"»h¯k¼fÇÇB®°¹ºZÂ '7  8  7 5 8  ÄYZXHew`vr·b T ewb·b T XLew`vry XOdbyjb T Xzewdfeg T tbyX!ÆRoXOdy:ew`vse`vr £X"d·byjb T Xjdcinqin`vew¡
ÆRoXOdyF`oX"¢>X"d!j@¢>X"dc¡neWpodcX"q>edcso¡kXHryr£jw¤b T Xsoewbcein`b T Xo`vstXOdy¡nik`oqÅsoe@bferj>odcg"XOrO¥ SUT XXOÆRve¡kikb}ÅgOeryXjw¤  7  8   7 5 8
dcXOstzg	XOr£bcjZb T XgOeryXLj¤j>veÆRoXvedbcine¡Gew`vry XOdcrO¥
 ÍX	bLzr!bceÏXeq>eik`b T XX"teYZo¡kXjw¤b T Xin`>bcdyjtstzghbyinj`Í¥¦`X"oewYZo¡nXjw¤·eÅg	j`Rbfewin`vr!vedce>g T obyXÆRoXOdyFinr²"±	¯k±f¬"È!È°­v±
¬f½GÇv¼@¹v®¾±	²¼@¹ ZÈ°­v±D"® ²½ À É7½@»H¯k½H¬c¼wÈm± «®°¹Ì¼@¹v¿Z»y±mº®¾½@¹Ã¼w¹ Z»c±	È3¸t»h¹È°­v±¹B¼Z±-¼@¹ +¼¬"È5®MH®°È5¿+½ À È°­v±¬f½GÇo¼w¹v¿ZÉ®°È¨­FÈ°­v±
¼@»H>±	È5²½ À "® ²½@¹ÃÉ7½@»HFO7¦`ÅX"oewYZo¡nX(j¤vedce>g T tbyXÆRoX"dc«g	j>`>bfewin`oXOstl3Zb T X(j>dyinqin`ve¡<ÆRoXOdyixr(²"±	¯n±c¬"È£È°­v±¬f½GÇo¼w¹v¿
) ew¡kb T e !OedcsZX"b jbbyX+¼w¹ :È¨­o±D"® ²½ À É7½@»HZ¯k½O¬f¼wÈm± :®°¹$È¨­o±I!­¹<±K5ªL¯ Çv±	²»y±mºw®¾½w¹Ì¼@¹ :»y±	È3¸t»h¹È°­v±(¹B¼Z±¼w¹ :È¨­o±¼>¬	È3®MH®°È5¿
½ À È¨­®x²L¬f½GÇv¼@¹v¿:É®°È¨­«È¨­o±¼@»H>±	È5²(½ À "® ²(½w¹FÉ7½w»H6Ob	L¢XOdy¡xewovik`oqvedce>g T tbyX!ÆRoX"dcinXOr·edyXsti «g	o¡kb7bcjqXO`oX"dfe@bcX!ik`j>od
X"teYZo¡kX>¥ j`zrixstX"d(e+ÆRoXOdyÃ²"±	¯k±f¬"ÈUÈ°­v±:¹B¼G±	²:½ À ±ÇB¯n½@¿±f±h²:É®°È°­Á¼Å²"¼@¯n¼@»h¿@¥(¦`j@¢>X"dc¡neooin`oqvewdfeg T tbcXÆRoX"dc
ixrZ²"±	¯n±c¬"È(È°­v±«¹<¼G±h²+½ À ±ÇB¯k½w¿±f±h²«É®°È¨­Ò¼²"¼@¯k¼w»h¿w¥Å~X	byvdy`oin`oqbcjb T X«ÆRoXOdyÃik`Áb T X«ik`Rbcdyjtstvg	byinj`Wpew`ÑX	oeY:v¡kX
j¤7e«`oj>`tl3j@¢>X"dc¡neooin`oqZvewdfeg T tbcXÆRoX"dc+¤¨j>db T X-ÆRoXOdyFixr²"±"¯k±f¬	È!È¨­o±¬f½GÇv¼@¹v®¾±	²-¯n½O¬f¼@Èa± Å®°¹Á»c±3º®¾½@¹QI!­t¹B±LK5ªL¯ Ço±	²h¥ SUT ixr
X"teYZo¡kXLinr7vewdybyixg	v¡nedy¡n-in`RbyXOdyXHr}bcik`oqzXHg"ewzrX!b T Xzewdfeg T tbyXLÆ>vX"dc:g"jdcdyXHrBj`vsvrbyj-e`«in`>bcX"dcYZXOstixe@bcXdyXHrv¡¶b7vdyjtstvg"XOs
ÌryjYZXÆRoX"dc$X	tXOg"tbyinj`Áo¡xew`vrO¥ { ewdfeg T tbcX-ÆRoX"dcinXOrg"e`Ìb T zrzX«eF`vewbyodfew¡ Ue¤¨jdb T XZeoo¡ningOe@bcikj>`Ãodcjq>dceYËbyj
ryzXHg	ik¤¨Åe`vsFvrXin`RbyX"dcYZXOstixe@bcXdyXHro¡kbcr£b T e@b T e¢XzXOX"`odcjtstvg	XHsÅsoodyin`oq:b T Xvewdybyixew¡GXO¢e¡kze@byinj`Í¥

	    ' ×  × <Ot Û   H × 
à`>bcik¡L`oj@ p£ X T e¢>XFsoX	Îv`oXHs vewdfeg T tbcXFÆRoXOdyinXOrZ !ikb T dcXOryBXOghbbcjÔvewdybyixew¡e`vry XOdcrO¥ SUT e@b«ixr"p!eÁvedce>g T obyX$ÆRoX"dc
ixr«eryÏXHsew¤°byXOdvewdybyixew¡!XO¢e¡kze@byinj` T e>r:bceÏX"`o¡xeg"X¥ ^a`b T ixr+gOeryXp7b T X$vedce>g T tbyX$ÆRoX"dcÒ UerZ`ojbÏR`vj@ !` soodyin`oq
b T X+j>tbyinYZi/!He@byinj`Í¥ SUT X+in`t¤¨jdcYe@bcikj>`Ãb T e@b:inrq>ewb T XOdyXHsÔstodcik`oqÌvewdybyixew¡·XO¢@ew¡nve@bcikj>`Ôinr`ojwb-bcewdcqX"byXHsÁewb-e$vedbcing"o¡xewd
vedce>g T tbyXÆRoX"dc¥
Ý j@ XO¢X"dHpWevedce>g T obyXZÆ>vX"dcÌg"e`ÃBX+eryÏXHs$bcjqX"b T XOd !i¶b T b T Xj>dyinqin`ve¡ÆRoXOdy>¥ÕÃXÅstX	Îv`vXZb T XZ¤¨j>dyYZX"dgOeryXer
¸t¹<¬c½w¹o²hÈ3»y¼@®°¹<± Ã½cÇ<È5®M:®"!H¼@È3®¾½@¹Ìe`vsÃb T X«¡xe@bybyXOdg"eryXer+¬f½w¹o²hÈ5»c¼@®°¹B± Ã½cÇBÈ3®M:®"!O¼wÈ5®¾½w¹v¥F^a`Áb T X¡xe@bybyX"d-g"eryXpWb T X«zewdfeg T tbyX
ÆRoXOdy$Ye$BX:g"j`vryinsoX"dcXOs  T X"`Ìj>tbyinYZi/!Oik`vq+b T XZjdcikq>ik`ve¡ÆRoXOdy>¥ SUT vr"pWeÅ`oXO pÍesosoi¶bcikj>`vew¡3p<qj>e¡j¤7b T X-j>tbyinYZi/!OX"dHp
BX">j`vs+jtbcikYZi"!"in`oqb T X(ÆRoXOdy>p>ixrbyj-ik`vg"dyXHeryX!b T XL¡nikÏ>X"¡ni T jRjtsZb T e@b!ew`Åew`vry XOd·bcjb T XLzewdfeg T tbyXLÆ>vX"dc-ixr£odyjtstzg	XOs«ik`
b T Xg"e>rX(b T e@b!b T Xik`RbyXOdydcotbg"j`vstikbyinj`jtg"g"odfr"¥
 Û  O"@  × Ü   $#>t Û  ¦vewdfeg T tbcXLÆRoXOdy«ixrUrvoYZi¶bybyXOsÅbcjqX"b T XOdU !i¶b T b T Xjdcikq>ik`zew¡<Æ>vX"dc¥ ) jwb T ÆRoX"dcinXOr
edyXFrinYo¡kbce`oX"j>vry¡kÁjtbcikYZi"!"XHsG¥ÔáXOzXO`vstin`oqÃj>`Ôb T XÅdcX"¡xe@bcikj>`vr T ikÔBX	b} £X"XO`Ôb T XFvedce>g T obyX+ÆRoXOdyÔew`zsÑb T XFjdcinqin`vew¡
ÆRoXOdy>pBj>rcryiko¡nÃeo`oixÆ>vX«X	tXOg"tbyinj`Ôv¡ne`ÔinrqX"`vX"dfe@byXHsGp  T X"dcXb T X«X	tXOg"tbyinj`Ôv¡ne`Ñ¤¨jdb T X«vedce>g T tbyX«ÆRoXOdyÁg	jdyl
dcXOryzj>`vsorbyjÃeÌroobydcX"X+j¤Ub T XÅX	tXOg"tbyinj`Òv¡ne`Ñ¤¨jd-b T XÅjdcikq>ik`ve¡7ÆRoX"dc¥Ì^a`Òjwb T X"d:g"eryXOrOpb} jXO`RbyindyXO¡kÁik`zstX"BX"`vsoX"`Rb
o¡xew`zrewdcXodcjtstvg	XHsG¥¤	LtbyinYZi/!He@bcikj>`$jw¤vewdfeg T tbcXÆRoX"dcikXHr!ixrdcX"¡xe@byXHsFbyjb T Xodcjv¡kXOYj¤ryinYo¡kbce`oX"j>vr!jobyinY:i"!Oewbyinj`
j¤Y-o¡¶bcikv¡kXÆRoXOdyQk   3¥
{ dyj@¢ixstik`vq+b T X«vedce>g T obyXZÆ>vX"dcbyj>qX"b T XOd !i¶b T b T X«j>dyinqin`vew¡·ÆRoXOdy T erb T XZ¤¨j¡n¡nj@ !ik`oq$e>st¢@ew`RbceqX¥^mb-ik`vg"dyXHeryXOr
b T X¡nikÏ>X"¡ni T jjts+b T ewb!b T Xrytr}bcX"Y gOew`dcX	byvdy`$ew`ew`zr £X"dUbcj-b T Xvedce>g T tbyXÆRoX"dc¥ SUT Xsoinrcest¢@e`>bfewq>X(ixrUb T e@b!b T X+¬f½²hÈ
À ¸t¹<¬	È3®¾½@¹K½ À È°­v±$½cÇ<È5®M:®"!H±	»­o¼²$¬c­v¼@¹º>± @´+i¶b:`oj@ ik`vg"¡kzstXOr:g	j>Y:vtbcewbyinj`vrveryXOsÔj>`Ñb T XFvedce>g T obyX«ÆRoX"dcÑew`vsÑb T X
¡nikÏ>X"¡ni T jRjtsÒb T ewbb T XÅin`RbyX"dcdcotbg	j`zsti¶bcikj>`Ò !in¡k¡Ujtg"g"odO¥Boj>d-in`vrbce`vg	X>pi¶¤b T XFjtbcikYZi"!"X"d:odcXOstixghbfr-b T ewb-b T X+in`RbyX"dcdcotb
g"j`vstikbyinj`$ !in¡n¡Íjtg"g"od !ikb T$T inq T vdyj>vewoin¡ni¶b}>pvikb !ik¡n¡W¤¾e¢>jd!b T Xo¡xew`b T e@bLjtbcikYZi"!"XOrb T X-X	tXOg"tbyinj`j¤b T Xzewdfeg T tbyX
ÆRoXOdy>¥
%   Û O"@
 × Ü     &#t Û  SUT Xvedce>g T tbyX7ÆRoXOdy(ixrryooYZikbbyXHsj>`vg	X7b T Xjdcikq>ik`zew¡>ÆRoXOdy T e>rÍBX"XO`X"¢@e¡kvewbyXHsG¥
ÞLoXOdy:jobyinY:i"!Oewbyinj`odcjtg	XOXOsorg	¡xercrixg"e¡k¡npRew`vsj>`o¡n:g"j`vg"X"dc`vrb T XLj>dyinqin`vew¡zÆ>vX"dc¥^m¤Gb T XLik`RbyXOdydcotbUg	j>`vstikbyinj`jtg"g"odcrOp
eÌvewdybyixew¡7e`vry XOdinr-odcjtstvg	XHsG¥ SUT XFewoo¡nixg"e@bcikj>`ÔodcjqdfewY g"ew` X	bydfeg	bik`o¤¨jdcYZewbyinj`Á¤¨dcjY'b T ixr-vewdybyixew¡7e`vry XOd
e>rÏin`oqZj`oXjdryX"¢>X"dfew¡<vedce>g T obyXÆ>vX"dcikXHr"¥
^m¤b T XÌj>tbyinYZi/!OX"d+ixr«`vjwb+YZjtstikÎvXOsGpb T XÃ¡kinÏXO¡ki T jjts jw¤ & 7 : 7 5 8 >  8Fodcjtstvg"ik`oqew`Kew`zr £X"d«ixr«¢>X"dc ¡nj@ ¥ SUT X
vedce>g T tbyX!ÆRoX"dc  Yvrb7g	j>dydcXOryzj>`vsbyjew`Zin`RbyX"dcYZXOstixe@bcXUdyXHro¡kbb T e@b7ixrik`Zb T X!X"`¢indyj>`oYZX"`Rb$@Ke@bb T XX	oe>ghbYZjYZX"`Rb
ú© 4IdªLH
  ·­½w¹v¹<±	ÈªNOv½Z¼@²h®¾¬
j¤Gb T XLik`RbyXOdydcotb£g	j`zsti¶bcikj>`«BX"in`oq-rce@bcinrÎvXOsW¥ vjd7in`vrbce`vg	X>pb T Xvedce>g T tbyXÆRoXOdy:Ye:g"jdcdyXHrBj`zsbcjew`+ik`RbyXOdyYZXHstinewbyX
dcXOryo¡kbb T ewb T erzXOX"`$odcjtstvg	XHsFotbLstXHr}bcdyj@>XOsFe@¤°bcX"dikb T e>r!zXOX"`$vryXOsFbcjodcjsovg	Xe`ojwb T X"din`RbyXOdyYZXOsoinewbyXdcXOryo¡¶bH¥7^a`
b T inrg"eryXpb T XryrbyXOY g"e`o`ojbUq>ik¢>Xew`ew`vry XOdUbyj:b T Xvewdfeg T tbcX(ÆRoXOdy>¥
SUT X:o`vg"j`vrbydfewin`oXHs$jtbcikYZi"!Oewbyinj`ÃsojRXHr(`ojwbikYZve>ghb(b T X: UeFX"tXOg	obyinj`Ìv¡ne`vrLedyX-odcjsovg	XHsGpGi¶bixrb T vrrinYZo¡kXOd
bcjikYZo¡nX"YZX"`Rbb T ew`Fb T Xg	j>`vrbydfewin`oXOsÅjtbcikYZi"!Oewbyinj`Fb T ewbikYZve>ghbfrUb T Xdyo`ol5bcikYZXryrbyXOYe`vsÅb T Xj>tbyinYZi/!OX"dH¥g(X	bybyin`oq
q>jRjtsBX"dy¤¨jdcYZe`vg	Xixr«eÑodcjo¡nX"Y b T ewb+ XgOew` T ew`zst¡kXÌik`b T XÌg	¡xercrixg"e¡UjtbcikYZi"!Oe@bcikj>`¤¨dceY:XO j>dyÏ<¥ Ý j@ XO¢X"dHp·b T X
¡nikÏ>X"¡ni T jRjtsÌjw¤q>X	bybyin`oqFe`Ãe`vr £X"dbyj$eÅvewdfeg T tbcXÆRoX"dcstX"BX"`zsor¢XOdyYzg T j`Ìb T XZj>tbyoob(j¤7b T X-j>tbyinYZi/!OX"dHpWew`vs
ixr-b T vr-dyXHr}bcdyixghbcXOsG¥ SUT XFjtbcikYZi"!"X"dZg"e`ÒXOe>rin¡nÁBXFX	byXO`vstXOsÔbyjÁik`vg"dyXHeryXb T XÅ¡nikÏ>X"¡ni T jRjtsÔj¤Ye@bfg T ik`vqÃezewdfeg T tbyX
ÆRoXOdy>p¤¨jd!in`vr}bfew`vg"XR+dyX"bcewin`oin`oqew¡n¡Gik`RbcX"dcY:XHstixe@byXdcXOryo¡kbcrO¥ Ý j@ XO¢XOdOp>b T ixr T XOodcinrbyixg(inr!g"jYZo¡nX	byXO¡k+o`oqvinstXHsFRÅew`
Ï`oj@ !¡nXOstq>Xjw¤Íb T X`vewbyodcXjw¤b T Xvedce>g T tbyXÆRoX"dc¥
   Û  ÙF×  ×   
 ¾O5 ×  Û 5  ×   × 
¦ÊqXO`oX"dfew¡ni"!Oe@bcikj>`$jw¤b T XZixstXOeÅjw¤7zewdfeg T tbyX:ÆRoX"dc$g	j`zrixr}bfr(ik`ÑeryÏik`oq+byjÅb T Xrytr}bcX"Y eFrX"b(j¤£ÆRoX"dcinXOrOpBin`vrbyXHesj¤£e
ryik`vq¡nXÆ>vX"dc¥ SUT XrtrbyX"YËew`vry £X"dfr!e@b¡nXOerbj`vXjw¤b T XÆRoXOdyinXOrO¥ SUT XBX T e¢Rinjd!j¤b T Xrytr}bcX"Y ixr!`oj>`tlastX	bcX"dcY:in`oixr}bcing´
b T XZX"¢@ew¡nve@bcikj>`Árbyj>vr(  T X"`Ñew`Áew`vry £X"d(inr(¤¨j>o`vsGpÍe`vsÌb T ixrew`vry £X"d(inr(dcX	byvdy`oXHsbcj+b T Xewov¡kixg"ewbyinj`Ìvdyj>qdfewY¥ "j>`tl




^a` b T ixr-ryXOg	byinj`Wp £XÅsoXOrcg	dcikBXÅe`Òo`vg"j`vrbydfewin`oXOsÔrytr}bcX"Y'¤¨jd:odcjtstvg	in`oqÃvewdybyixew¡£ew`vry XOdcrO¥	LodZryrbyXOYinr-jdcikXO`RbyXOs
bcj@ £edcsor£b T Xewvo¡kixg"ewbyinj`$stXHryg"dyinzXHs+in`b T Xik`Rbydcjtstvg	byinj`W´b T Xewdfg T ikbyXHghbyvdyXixr!veryXOsFj>`e:YZXOsoinewbyjdLewdfg T i¶bcXOg	byodcX(¤¨jd
e>g"g	XHryryin`oq T X	byXOdyj>qXO`oX"j>vrUsoe@bfe:ryjvdcg"XOrO T j@ XO¢X"dHpRb T Xe¡kq>jdci¶b T Yr£ XstXHryg"dyinzX T e¢X(odyjResÅewoo¡nixg"e@bcikj>`W¥
	Lodrytr}bcX"Y\g"j`vryixr}bfrj¤Be(dco`tl3byinY:X!rytr}bcX"Y ¤¨j>db T X!XO¢e¡kze@byinj`:jw¤<ÆRoX"dcikXHr"pwe`vs:jw¤<e(g"jYZBj`oXO`>b¤¨j>db T X!X	bcdce>ghbyinj`
j¤Uin`t¤¨j>dyYe@bcikj>`Á¤¨dyj>Y vedbcine¡7ew`zr £X"dfr"¥ SUT X«dco`tl3byinY:XÅrtrbyX"Y inrveryXOsÁj>`Ñb T X«ikbyXOdcewbyj>dYZjsoX"¡¤ Gb T ewbinr-r¡ninq T by¡n
YZjtstikÎvXOsbcj T e`vst¡nXvewdybyixew¡X"¢@ew¡nvewbyinj`W¥ikdfrbOpzb T Xdco`tl3byinYZX-rytr}bcX"YËX	byXO`vsor!b T XikbyXOdcewbyjdX	tXOg"tbyinj`$YZjtstX"¡ !ikb T e
ryikYZo¡nX¤¨j>dyY jw¤!Æ>vX"dcÃrcg	dfewYv¡kin`oqFbyj$BX"dcYZi¶bX"tXOg	obyinj`Ábyjvdyjtg	XOXOsÁin`Ãb T X«odcXOryX"`zg	Xjw¤Uo`ve¢@eik¡xewo¡nX«soewbce$ryjodfg	XHr"¥
/XHg	j>`vsGpRb T X(dco`tl3byinY:XryrbyXOY ikYZo¡nX"YZXO`>bfrUew`«in`RbyX"dcdcotb!g	j`zsti¶bcikj>`byj-bydcinqqXOd7vedbcine¡zXO¢@ew¡nve@bcikj>`W¥ SUT ikdfsGpikb£in`vg	¡nvstXHr
e`e¡kq>jdci¶b T Y¤¨jdUb T Xg	j>`vrbydcvghbcikj>`Åj¤vedbcine¡Wew`vry XOdcrUew¤°byX"dUb T Xin`>bcX"dcdyvtbg	j>`vstikbyinj` T erUBX"XO`rce@bcinrÎvXHsG¥
SUT Xg"jYZBj`oXO`>b¤¨j>db T X$X	bydfeg	byinj`jw¤ik`t¤¨j>dyYewbyinj` g	j>`>bfewin`vrew` e¡kq>jdci¶b T Y ¤¨jdZb T Xodcjtg	XHryryik`vqÁj¤(zewdfeg T tbyX
ÆRoXOdyinXOrO¥ SUT XOryXeryzXHghbcr7ewdcXUsoXOrcg	dcikBXOs:BX"¡nj@ ¥ SUT XO-edyX£¤¨j¡n¡nj@ XHs-esoinrcg	vrcryikj>`:j>`b T XinYZo¡kXOYZX"`Rbcewbyinj`:bydfestX"l3j§<rO¥
%   *+ (^"  (.*:"
vjdjvdew¡nqjdcikb T YrOpW Xg"j`vryinsoX"dew`Ôedcg T ikbyXHghbcodyX-b T e@bin`R¢>j¡n¢XHr(e`Ôewoo¡nixg"e@bcikj>`Ãvdyj>qdfewYpWeFY:XHstixe@byj>dOpÍ !dceozXOdcrOp
e`vs soe@bfeÔrj>odcg"XOrO¥Kávdyin`oqÒÆRoX"dc vdyjtg	XHryryin`oqvp7b T XÌeoo¡ningOe@bcikj>`odcjq>dceY ixryryoXOreÔÆRoXOdy byjÑb T X$YZXOstixe@bcjdH¥ SUT X
YZXOsoinewbyjdZbcdce`vr¤¨jdcYZr-b T XÆRoX"dcÒin`>bcjK¼@¹v¿F¢@ew¡ninsX	tXHg	tbcikj>`v¡ne`g"j`vryinrbyin`oqÑjw¤rvBÆRoXOdyinXOre`vs j¤eÑg"jYZzjRrikbyinj`
ÆRoXOdy>¥ SUT XÃY:XHstixe@byj>d«b T X"`KXO¢@ew¡nve@bcXOrb T XÁX	tXOg"tbyinj` o¡xew`Í¥\ß·¢@e¡kvewbyinj` odcjtg	XOXOs inrcrvik`oqrvBÆRoXOdyinXOr«byjÒb T X
 !dfewoBX"dfrO¥ß7eg T  !dfewoBX"db T ewbLixrg"j`Rbce>ghbyXHsodcjg"XOrcrUb T X-ryoBÆRoXOdyinXOrg"jYZYv`oingOe@bcik`oq !ikb T b T X:ercrjtg	ixe@bcXOs$soewbce
ryjodfg	XZew`zsÌdcX	bcody`vik`oqryovew`zr £X"dfr"¥-^m¤Ue¡k¡soewbceryjodfg	XHrLedyXe¢@ewin¡neo¡nXp<b T X:YZXHstinewbyj>dg"jY-oik`vXOr(b T XZryove`vry XOdcrL
vryin`oqFb T X«g"jYZzjRrikbyinj`ÑÆRoX"dcew`zsÌdcX	bcody`zr(b T Xew`zr £X"d(byjFb T X«ewov¡kixg"ewbyinj`Ìvdyj>qdfewY¥^a`Ôg"e>rX:j`vX:j>drXO¢X"dfew¡soewbce
ryjodfg	XHr-edyXFo`ve¢@eik¡xewo¡nXp·b T XYZXOstixe@bcjdZdcX	byvdy`vrZeÃvewdybyixew¡!e`vr £X"d-byjÃb T Xeoo¡ningOe@bcikj>`W¥ SUT X$ewvo¡kixg"ewbyinj`X	bydfeg	bcr
in`t¤¨jdcYe@bcikj>`+¤¨dcjY b T Xvedbcine¡Gew`vry XOdURFeryÏik`oqZe:vewdfeg T tbcX(ÆRoXOdy>¥
%   ¤"A* !  ()
SUT X!e¡kq>jdci¶b T Y ¤¨jdÆRoX"dcX"¢@e¡kvewbyinj`¤¨j¡n¡kj@ rÍb T XUikbyXOdcewbyjdYZjtstX"¡3¥ SUT X!Æ>vX"dc(j>tbyinYZi/!OX"dq>X"`oXOdcewbyXOrebydcX"XUjw¤vj>zXOdcewbyj>dcr
b T e@bg	j>Y:vtbyXHr!b T X:e`vr £X"dbyj«b T XZÆ>vX"dc¥ SUT X-jBX"dfe@bcjdfrewdcXdcX"¡xe@byinj`zew¡kl3¡nikÏ>Xpvryvg T e>r8^C:5f4>3G_<p=?6>^]F>3G_<poX	bfgw¥:Â?oj>d
g"¡nedyikb}pwin`Zb T inrzewBX"d £XstXOrcg	dcikBX!jBX"dfe@bcjdfrik`:byXOdyYrj¤Bj>zXOdcewbyinj`vrin`vrbyXOe>s:jw¤Bb T Xg"jdcdyXHrBj`zstik`vqL T tryingOew¡tjBX"dfe@bcjd
e¡kq>jdci¶b T Yr"¥ Ý j@ XO¢XOdLj>odikYZo¡nX"YZX"`Rbfe@byinj`ÁvryXOr( T trixg"e¡jBX"dfe@byj>dcrO¥òÄÑß7eg T jBX"dfe@byj>d(ryooBjdybcr(b T dcX"X:odyjtg"XOstodcXOrO´
568>6;<pE:>F_;:>FSf_<pe`vs`3F]45?6>v¥ SUT XFodcjtg	XOsoodyX 568>;ÑodcX"vedyXHrXHeg T j>zXOdcewbyj>d¤¨j>d:vdyjtstvg"ik`vqÃsoewbceo¥Òßeg T gOew¡n¡£byj
E:>F_G;>FSf_+q>X"`oXOdcewbyXOrj`oXbyov¡kX:ik`Ìb T XZew`zr £X"dbyjÅb T X:jBX"dfe@bcjdHpzew`zs$b T X 3F]45?>«odcjg"XOstvdyX-zXOd¤¨j>dyYr(ew`$g	¡nXOew`ol3o
j>zXOdcewbyinj`vrO¥
SUT Xj>zXOdcewbyj>d?f@67V<2_«g"j`Rbce>ghbfr!e- !dfewvzXOdUbyjodcjtg	XOrcr!eZrvBÆRoXOdy>¥7ávdyin`oq:b T X 58>6;+g"e¡k¡Wbyj?f@7V<_eZ`oX	b} £jdcÏ
g"j`o`oXHghbcikj>`ÒbyjÃb T XÅ !dfewoBX"d:ixr-j>zXO`oXOsW¥Ô^a`Òb T inr:vezXOdOp· £XFYZeÏXFeÌ £jdcÏik`oqÃercroYZtbcikj>` ewBjob-b T XzX T e¢ikj>djw¤
 !dfewoBX"dfre`vsÒsoewbce$ryjodfg	XHr"´-i¶¤!b T X568>6;Ág"e¡k¡7byj$b T X+ !dfewvzXOdrzg"g	XOXOsorOpb T XO`Ôb T XFg	j>dydcXOryzj>`vstin`oq$soe@bferyjodfg	Xixr
e¢@ewin¡xewo¡nX:e`vs !in¡n¡·stX"¡nik¢>X"d(i¶bfrrvvew`vry £X"d( !i¶b T jtbodcjv¡kXOYZrO¥^m¤b T X 568>;gOew¡n¡¤¾eik¡xrOp<b T XO`Ìb T Xg	jdcdcXOryzj>`vstin`oqÅsoewbce
)(	#

ryjodfg	Xinro`ve¢@ewin¡neo¡nX¥ SUT ixrBX T e¢RinjdikYZo¡nikXHrb T e@b(XOe>g T soe@bfe«rj>odfg	XgOew`$BX-g	¡xercryi¶ÎvXHs$er:¼G@¼@®°¯k¼F	¯k±(j>d¸t¹<¼G@¼@®°¯k¼F	¯k±
e>g"g	j>dcsoik`oq-byjZb T XdcXOryo¡¶b!j¤Íb T XN58>6;+g"e¡k¡3¥
¦ ryXOg"j`vsÃ j>dyÏin`oqercroYZtbcikj>`Ñinr(b T e@bHpstvdyin`oqX	tXOg"tbyinj`ÍpÍj`v¡kÌb T XYZXOsoinewbyjdryX"`zsorrvBÆRoXOdyinXOrbcj !dceozXOdcrO¥
S  £jZ !dceozXOdcr!gOew`o`vjwbg	j>Y:Y-o`oixg"ewbyXstindyXHghby¡n« !ikb T XOe>g T jb T XOdO¥
SUT indfsGp XercrvY:Xb T ewb£`vj-o<soewbyXOr£dcX"¡nX"¢@ew`RbbyjZeÆRoX"dcewdcXBX"dy¤¨jdcYZXOs«BX	b} £X"XO`b T X(YZj>Y:XO`Rbb T XLvdyjtg	XHryryin`oqjw¤
b T inr(ÆRoX"dcr}bfewdybcre`vsb T XYZjYZX"`RbL  T X"dcXb T X-odcjg"XOrcrin`oqdcX"¡xe@bcXOsÅbyj+b T ixrÆRoXOdyFX"`vsvr"pBzXHg"evrXb T XÎv`vew¡ew`vry £X"dixr
j>tbceik`oXHsGpoj>d£BXOgOewvryXb T XvrXOdstjXOrU`ojb!dyXHrovY:ikbe:vewdybyixew¡We`vry XOdO¥
ÕÁXÁsoXOrcg	dcikBXÃe b} jr}bcX"vrÅX"¢@e¡kvewbyinj` jw¤ÆRoX"dcinXOrO¥ SUT XÌÎvdfrbFrbyX"Ípb T X>Fe:9^]Òe¡kq>jdci¶b T YpBX"dy¤¨jdcYZrFeÒzewdybyixew¡
XO¢e¡kze@byinj`j¤b T XX	tXOg"tbyinj`o¡xew` !ikb T dcXOryzXHghb!byjZb T Xe¢@ewin¡xewo¡nX(sve@bceryjvdcg"XOrO¥^m¤e¡k¡Gb T Xryjodfg	XHr!ewdcXe¢@eik¡xewo¡nXpb T X
dcXOryo¡kbjw¤£b T X«Îvdcrb-rbyXOÔinrb T X+e`vr £X"dbcj$b T X+ÆRoX"dcÂ5e$rX"bjw¤Ubyvo¡kXHrcÄ	¥Å^m¤ewb¡kXHerbj`oXÅrj>odcg"XZinro`ve¢@ewin¡neo¡nXpWb T X
dcXOryo¡kb£j¤Íb T XÎvdfrbUrbyXOÅixrUew`Åe`o`ojbce@bcXOs+X	tXOg"tbyinj`Åo¡ne`W¥ SUT XrXHg	j>`vs«rbyX"Ípb T X 3656;l?G_fC4-3_:ew¡nqj>dyikb T Ypg	j>`vr}bcdyzghbcrUe
vedbcine¡k¡nX"¢@e¡kvewbyXHsÆRoX"dc(¤¨dyj>Y b T X£e`o`ojwbfe@bcXOsX"tXOg	obyinj`v¡ne`W¥¦vedbcine¡Re`vry XOdovik¡kb¤¨dyj>Y b T XUvedbcine¡k¡nX"¢@ew¡nve@bcXOs


















from x0 in ( from x1 in ( from x3 in (  
"Rhone Alpes"
from x4 in bids select x4) select x3), 
x2 in ( from x5 in tmp0 select x5) 
select x1.parution, x1.valid, z1.district,
x1.market, x2.name, x2.activity, 
x2.district, x2.address, x2.tel, x2.fax, 
x2.region, x2.district where x1.district
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